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(57) Abstract: The present invention relates to certain N-(substituted glycyl)-2-cyanopyrrolidines of formula (I) wherein Y is as de- 
fined herein, in free form or in acid addition salt form. Compounds of formula (I) inhibit DPP-IV (dipeptidyl-peptidase-IV) activity. 
They are therefore indicated for use as pharmaceuticals in inhibiting DPP-IV and in the treatment of conditions mediated by DPP-IV, 
1^ such as non-insuHn-dependent diabetes mellitus. arthritis, obesity, osteoporosis and further conditions of impaired glucose tolerance. 
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Oraanic ConriDounrift 



The present ln»en«on ™ia.ee .0 the .rea of d/pepMyl pepMaee-W inhibition and 
mo. pan^torty. relates ,0 oe«aln N^suhsHtuted glycylj-a-cyanopynolidinea 
pha™aceu«oa, con,posl«ons contalnina saW compounds, and the use o, saM co.p«,„ds 
in inhibiting dipeptidy/ peptidase-IV. impounds 

Dlpeptldyl peptidase-IV (DPP.,V) Is a serine protease which cleaves N-tenninal 

position. Although the biological role of DPP-IV In mammalian systems has not been 

comp,ete,y established, it is believed to play an Important role in neuropeZmeZlism 
T.e«a^^^^^ 

Pep«de™ 1 ' ^^^^^"^''''^ '"^^ ^'-^on-IIKe 

pepbde-l (GLP.I). Since GLP-1 is a major stimulator of pancreatic insulin secretton «nH 
has direct beneficial effects on glucose d.posal. DPP-lv inhibition appeTr^sem an 
att^ctive approach e.g. for treating non-insulln-dependent diabetes 1. J^om) 

The present Invention p«,vldes new DPP-.v inhibitors which are effective e n ir, 
treating conditions mediated by DPP-lV Inhibition nh«m,o . 
i„ • u u-.. ^ inniDition, phamiaceutical compositions e a uspfni 

.n inhibiting DPP-iv and a method of inhibiting DPP-IV. 

The present invention provides compounds of fonnula I: 




0) 



where Y is selected from the group consisting of: 
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1^ 

a) a group of the formula r-n ^ ^ » where R 

is an unsubstituted pyridine or pyrimidine ring; a pyridine or pyrimidine ring 
which is mono- or independently di-substituted by halo, trifluoromethyl, 
cyano, nitro or Ci-ealkyI; unsubstituted benzoyl; a benzoyl group which is 
mono- or di-substituted by halo or Ci-ealkyl; Ci^alkylcarbonyl; di-Ci. 
ealkylaminocarbonyl; unsubstituted phenylaminocarbonyl; or a 
phenylamlnocarbonyl group which is mono- or di-substituted on the phenyl 
ring by halo or Ci-ealkyl; 




b) a group of the formula I J , where 



is an unsubstituted pyridine, pyrimidine or phenyl ring; a pyridine, 
pyrimidine or phenyl ring which is mono- or independently di-substituted by 
halo, trifluoromethyl, cyano, nitro or Ci^alkyl; an unsubstituted 
phenylsulfonyl group; a phenylsulfonyl group which is mono- or di- 
substituted on the phenyl ring by halo, trifluoromethyl, cyano, nitro or Ci. 
ealkyi; unsubstituted benzoyl; a benzoyl group which is mono- or di- 
substituted by halo or Ci^lkyt; Ci-ealkylcart^onyl; thienyt sulf onyl; 
unsubstituted benzothiazole; or a benzothiazole group which is substituted 
on the phenyl ring by halo or Ci^alkyl; 




c) a group of the fonnula ^ tf^ . where Rg 



is an unsubstituted phenyl ring; or a phenyl ring which is mono- or di- 
substituted by halo or Ci^ll^l; 
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cQ a group of the formula 



^ I , where R. 



.s an unsubstituted phenylsulfonyl group; a phenylsutfonyl group which is 
mono- or di-substltuted on the phenyl ring by halo, trifluoromethyl, cyano 
nrtro or C,^ alkyi; C,^alkylcarbonyl; di-C,^alkylaminocarbonyl- 
unsubstituted benzoyl; a benzoyl g«>up which is mono- or dl-substituted by 
halo or C^lkyl; unsubstituted phenylaminocarbonyl; 
Phenylamlnocarbonyl which is mono- or dl-substituted on the phenyl ring 
by halo or Ci^lkyl; a phenyl-substituted thiazole ring; or a phenyl- 
substituted thiazole ring wherein the phenyl ring is mono- or di-substituted 
by halo or Ci^lkoxy; 

e) a (4-pentylbicyclo[2.2.2]oct-l-yl) amine group; and 



f) a group of the formula 




, where 



9) 



is an unsubstituted phenyl ring; or a phenyl ring which is mono- or dT- 
substituted by halo, trifluoromethyl, cyano. nitro or C^alkyl; and 




where R^ Is Ca^cloalkyl-carbonyl. If Z Is N; or Rs is Ca^cycloalkyl- 
cartjonylamino, if 2 is CH; 



or an add addition salt thereof. 



Prefened compounds are those of fomiula la: 
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where Y' is selected from the group consisting of : 




a) a group of the formula ^ ^ , where R* 

is an unsubstituted pyridine or pyrimidine ring; a pyridine or pyrimidine ring 
which Is mono- or independently dl-substituted by halo, trifluoromethyl or 
cyano; unsubstituted benzoyl; a benzoyl group which is monosubstituted 
by halo or Ci^- alkyi; Ci^alkylcarbonyl; dl-Ci^alkylaminocarbonyl; 
unsubstituted phenyiaminocarbonyi; or a phenylaminocarbonyl group 
which is monosubstituted on the phenyl ring by halo or Ci^lkyl; 




b) a group of the formula J[ J , where R^ 

r;— N 

is an unsubstituted pyridine, pyrimidine or phenyl ring; a pyridine, 
pyrimidine or phenyl ring which is monosubstituted by halo, trifluoromethyl, 
cyano, nitro or Ci^-all<yl; an unsubstituted phenylsulfonyl group; a 
phenylsulfonyl group which is monosubstituted on the phenyl ring by halo, 
trifluoromethyl, cyano, nitro or Ci^-alkyl; unsubstituted benzoyl; a benzoyl 
group which Is monosubstituted by halo or Ci^alkyi; Ci.6alkylcarbonyl; 
thienyl sulfonyl; unsubstituted benzothiazole; or a benzothiazole group 
which is substituted on the phenyl ring by halo or Ci^aikyl; 




c) a group of the formula R^ ^ ^ , where R^ 



is an unsubstituted phenyl ring; or a phenyl ring which is monosubstituted 
by halo or Ci^alkyl; 
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d) a group of the formula IJ^ . where R ' 



■3 

is 



an unsubstltuted phenylsulfonyl group; a phenylsulfonyl group which is 
monosubstituted on the phenyl ring by halo, trifluoromethyl. cyano. nitro or C, 
ealkyi; C^kyicarbonyl; di^,^ikylaminocaibonyl: unsubstituted benzoyl- a 
benzoyl group which is monosubstituted by halo or C,^lky|; unsubstituted 
Phenylaminocarbonyl; phenylaminocarbonyl which is monosubstituted on the 
phenyl ring by halo or C^lkyl; a phenyl-substituted thiazole ring; or a phenyl- 
substituted thiazole ring wherein the phenyl ring is monosubstituted by halo or 
Ci^alkoxy; 

e) a (4-pentyIbicyclot2.2.23oct+y|)amlne group; and 



f) a group of the formula 




is an unsubstituted phenyl ring; or a phenyl ring which is monosubstituted 
by halo, trifluoromethyl, cyano. nitro or C^lkyl; 



or an acid addition salt thereof. 



I^ore preferred compounds are those of fomiula Ic: 



Y>ii 



(Ic) 



Where Y" is selected from the group consisting of: 



SNSDOCID: <WO 019e295A2_L> 



wo 01/96295 



PCT/EPO 1/06595 



-6- 



a) a group of the formula r"' / ^ , where R'" 

is an unsubstltuted pyridme or pyrlmidlne ring; a pyridine or pyrimidine ring 
which is monosubstituted by chloro, trif luoromethyl or cyano or 
disubstituted by chloro; unsubstltuted benzoyl; a benzoyl group which is 
monosubstituted by chloro, methyl or ethyl; Ci^alkyicarbonyi; di-Ci- 
eaikylaminocarbonyl; unsubstltuted phenylaminocarbonyl; or a 
phenylaminocarbonyl group which is monosubstituted on the phenyl ring 
by chloro; 



b) a group of the fomnula 




, where R^'" 



is an unsubstltuted pyridine, pyrimidine or phenyl ring; a pyridine, 
pyrimidine or phenyl ring which is monosubstituted by chloro, 
trif luoromethyl or cyano; an unsubstltuted phenylsuifonyl group; a 
phenylsulfonyl group which is monosubstituted on the phenyl ring by 
chloro or trifluoromethyl; unsubstltuted benzoyl; a benzoyl group which is 
monosubstituted by chloro; Ci-ealkylcarijonyl; thienyl sulfonyl; 
unsubstltuted benzothiazole; or a benzothiazole group which is substituted 
on the phenyl ring by chloro; 



fC— , 



c) a group of the fomnula Rg ^ , where R^" 

Is an unsubstltuted phenyl ring; or a phenyl ring which is monosubstituted 
by f luoro; 



d) a group of the fomnula J , where R^' 

r:^ ^^"^^^ 
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is an unsubstituted phenylsulfonyl group; a phenylsulfonyl group which is 
monosubstituted on the phenyl ring by chloro or trifluoromethyl; C,. 
ealkylcarbonyl; di-C,^lkylaminocarbonyl; unsubstituted benzoyl; a benzoyl 
group which is monosubstituted by chloro; unsubstituted 
phenylamlnocarbonyl; phenylaminocarijonyl which is monosubstituted on 
the phenyl ring by chloro; a phenyl-substituted thiazole ring; or a phenyl- 
substituted thiazole ring wherein the phenyl ring is monosubstituted by 
chloro or methoxy; 

e) a (4-pentylbicyclo[2.2.2]oct-l-yl)amine group; and 



f) a group of the formula 




, where 



is an unsubstituted phenyl ring; or a phenyl ring which is monosubstituted 
by chloro or trifluoromethyl; 



or an add addition salt thereof. 



Compounds of fomiulae 1,1 a or I c. wherein Y represents a group of fonnula 
b): 0; and g) [wherein Z is CHJ. are preferably in the trans orientation that is 
represented by formulae 



R1 



/ \ fl ^ 



O-bO 
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In another embocffment, the instant invention provides phamiaceutical 
compositions e.g. useful in inhibiting DPP-IV comprising a phanmaceutically 
acceptable earner or diluent and a therapeutically effective amount of a compound of 
formula I above, or a pharmaceutlcally acceptable acid addition salt thereof, 
preferably a compound of formula la above, or a pharmaceutlcally acceptable acid 
addition salt thereof, more preferably a compound of formula lb above, or a 
phannaceutically acceptable acid addition salt thereof, and even more preferably a 
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compound of formula Ic above, or a pharmaceutically acceptable acid addition salt 
thereof. 

In stili another embodiment, the instant invention provides a method of 
Inhibiting DPP-IV comprising administering to a mammal In need of such treatment a 
therapeutically effective amount of a compound of fomiula I above, or a 
phamiaceutically acceptable acid addition salt thereof, preferably a compound of 
fomiula la above, or a phamr,aceutlcally acceptable acid addition salt thereof more 
preferably a compound of fomiula lb above, or a phamiaceutically acceptable acid 
addition salt thereof, and even more preferably a compound of fomiula ic above or a 
phannaceuticaily acceptable acid addition salt thereof. 

In a further embodiment, the Instant Invention provides a method of treating 
conditions mediated by DPP-lv inhibition comprising administering to a mammal In 
need of such treatment a therapeutically effective amount of a compound of fomiula I 
above, or a phamiaceutically acceptable acid addition salt thereof, preferably a 
compound of fomiula la above, or a phamiaceutically acceptable acid addition salt 
thereof, more preferably a compound of formula lb above, or a phamiaceutically 
acceptable acid addition salt thereof, and even more preferably a comoound of 
fomiula Ic above, or a phamiaceutically acceptable acid addition salt thereof. 

•me present invention also relates to the use of a compound according to the 
.nstant invention or a phamiaceutically acceptable salt thereof e.g. for the manufacture of a 
medicament for the prevention or treatment of diseases or conditions associated with 
elevated levels of DPP-IV. 

The compounds of fomiula I can exist in free fomi or in acid addition salt fom, 
Phamiaceutically acceptable (i.e.. non-toxic, physiologically acceptable) salts are 
preferred, although other salts are also useful, e.g.. in isolating or purifying the 
compounds of this Invention. Altfiough the preferred add addition salts are tiie 
hydrochlorides, salts of methanesulfonic. sulfuric, phosphoric, citric, lactic and acetic 
acid may also be utilized. 
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The compounds of the invention may exist in tiie fomn of optically active 
isomers or diastereoisomers and can be separated and recovered by conventional 
techniques, such as chromatography. 

Listed below are definitions of various terms used to describe this invention. 
These definitions apply to the terms as they are used throughout this specification, 
unless otherwise limited in specific instances, either individually or as part of a larger 
group. 

The term "halo" refers to chloro, fluoro, bromo or iodo. 

The term "Ci^alkyl" and the "Ci-ealkyl" portion of "di-Ci^alkylaminocarbonyl" 
refers to straight or branched chain hydrocarbon groups having 1 to 6 carbon atoms, 
preferably 1 to 4 carbon atoms, more preferably 1 or 2 carbon atoms. Exemplary 
alkyi groups include methyl, ethyl, propyl, Isopropyl, n-butyl, 1-butyl, isobutyl, pentyl, 
hexyl and the like. 

The "Cvealkyr portion of "Ct-ealkylcarbonyr, in addition to the definition above, 
also refers to cyclic hydrocarbon groups, e.g. cyclopropyl, cyclobutyl, cyclopentyl and 
cyclohexyl. 

The Ca^ portion of Ca^cycloalkyl-carbonyl refers to e.g. cyclopropyl, 
cyclobutyl, cyclopentyl and cyclohexyl. 

The bond containing the wavy line signifies the point of attachment of the "Y" 
group to the glycyl-2-cyanopyrrolidine moiety. 

The N-(substituted glycyi)-2-(^anopynrolidines of the invention may be 
prepared, e.g., by a process which comprises coupling a reactive (2- 
cyanopyrroiidine)carbonylmethylene compound with an appropriate substituted 
amine. More particulariy, the compounds of formula I may be prepared by reacting a 
compound of formula II 
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II 



where X is a reactive group (preferably a halogen group such as chlorine, bromine or 
iodine, more preferably chlorine) with a compound of formula III 

Y NH, II) 

where Y is as defined above, and recovering the resultant compound of fomiula I in 
free fomi or In add addition salt fomi. 

The coupling may be effected by reacting the compound of fomiula II with 1 to 
3 equivalents, preferably 3 equivalents, of a primaor amine compound of fomiula III 
The reaction is conveniently conducted in the presence of an Inert, organic solvent 
preferably a chlorinated, aliphatic hydrocartjon such as methylene chloride or a cyclic 
ether such as tetrahydrofuran. at a temperature of from about 0= to about 35SC.. 
preferably from about 0^ to about 25ec. 

The compounds of the invention may be isolated from the reaction mixture 
and purified in conventional manner, e.g.. by chromatography. 

The starting compounds of fomiula II may be prepared by the following two- 
step reaction: 



STEP1 



STEP? 



H-HjT^ ^ ^^C^. X. A ^^^'%a TFAA 

IV 



base 
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where X is as defined above. 

Step 1 involves tlie reaction of the L-proiinamide compound of formula IV with 
a slight molar excess of a haloacetylhalide such a chloroacetylchloride or 
bromoacetylbromide and a base, e.g., an inorganic base such as potassium 
carbonate or an organic base such as triethylamine. The reaction is conveniently 
conducted in the presence of an inert, organic solvent, preferably a cyclic ether such 
as tetrahydrofuran or a chlorinated aliphatic hydrocarbon such as methylene chloride 
at a temperature of from about 0^ to about 25^C., preferably from about 0^ to about 
15SC. 

Step 2 concerns the dehydration of the compound prepared in Step 1 , i.e, a 
compound of formula V, with 1 to 2 equivalents of trifluoroacetic anhydride (TFAA) to 
obtain a compound of formula II. The dehydration is conveniently conducted In the 
presence of an inert, organic solvent, preferably a cyclic ether such as 
tetrahydrofuran or a chlorinated, aliphatic hydrocarbon such as methylene chloride, at 
a temperature of from about 0^ to about 25-C., preferably from about 0^ to about 
15^0. 

Insofar as their preparation is not particularly described herein, the primary 
amine compounds of formula III are either known or may be prepared from known 
compounds in a known manner or analogously to known methods or analogously to 
methods described in the Examples. For example, the amine compounds of formula 
ill may be prepared by reacting excess 1 ,2-diamino-2-methylpropane with the 
appropriate chloropyridine, chloropyrimidine, acid chloride, carbamoyl chloride or 
sulfonyl chloride. Thus. 2-[(5"Chloro-2-pyridinyl)aminol-1,1-dlmethylamine can be 
prepared by ref luxing 2,5-dichloropyrldlne In excess 1 ,2-diamlno-2-methylpropane for 
a period of between 2 and 1 2 hours. The following amines can be prepared in a 
similar fashion: a) 2-I(5-cyano-2-pyridlnyl)amlno]-1 ,1 -dimethylethylamine from 5- 
cyano-2-chloropyridine, b) 2-[(5-trifluorometyl-2-pyridinyl)amlno]-1,1- 
dimethylethylamine from 5-trifluoromethyl-2-chloropyridine, c) 2-[(3-chloro-2- 
pyridinyl)amino]-1,1 -dimethylethylamine from 2,3-dichioropyridin6, d) 2-[(3,5-dlchloro- 
2-pyridinyl)amino]-1,1 -dimethylethylamine from 2,3,5-trichloropyridine, and e) 2-[(3- 
trifluoromethyl-2-pyridinyl)amino]-1 ,1 -dimethylethylamine from 2-chloro-3- 
trif luoromethyl pyridine. The following amines can be prepared in a similar fashion at 
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room temperature or tower. In the presence of an organic solvent, such as 
tetrahydrofuran and a base, such as potassium carbonate: a) 2-{(4. 
methylbenzoyl)aminoJ-1.lKiimethylethylamine from p-toluoyi chloride b) 2-[(4. 
trifIuommethyl-2-pyridinyl)aminoM.l-djmethylethylamine from 2-chloro-4. 
(tnfluoromethyl)pyridine. c) 2-[(2.2-dlmethyl-1-oxopropyl)amino]-1 1- 
dJmethylethyl]amlne from trimethylacetyl chloride, d) 2.K4s;hlorobenzoyOamlnoM 1- 
dimethylethylamlne from 4-chlorobenzoyl chloride, e) 2- 

a(diisopropylamino)cart)onyl]aminoM.l-dlmethylethylaminefrom 
diisopropylcarbamylchloride. and f) 2.II[(4-chlorophenyl)aminoJcarbonyl]aminoM 1- 
dimethylethylamine from 4-chlorophenyl Isocyanate. In addition, the amine 
compounds of fomiula III may be prepared by reacting excess tmns-l 4- 
diamlnocyclohexane with the appropriate chloropyridine. chtoropyrimldlne. add 
chlonde, carbamoyl chloride, chlorobenzothlazole or sulfonyl chloride. For example 
1-l4-[(5.cyano-2i,yridlnyl)amino]cyclohexylamlne can be prepared from 5-cyano.2. ' 
Chloropyridine and two equivalents of 1 .4-dlamlnohexane at room temperature In ti,e 
presence of an organic solvent, such as dioxane and a base, such as potassium 
cartK>nate. for a period of between 2 and 48 hours. The following amines can be 
P^pared In a similar fashion: a) 1 -[4-I(phenylsulfonyl)amlnolcyclohexyl]amlne from 
Phenylsulfonyl chloride, b) 1-t4-(benzoylamino)cyclohexvnamin« frnm 
benzoylchloride. c) 1-I4-a(4-trifluo,omett,y|)-2.pyri„,W^^^^^^ 
from 2-chIoro-4-(hifluoromettiyl)pyrimldine. d) 1 -[4^[(3.trif luoromethyl)-2- 
pyndinyl)amino]cyclohexylJamlne from 3-trifluorometi.y|.2.chloropyridlne. e) I.rr4-K4. 
chlorophenyosulfonyllaml^^^^^^^ ^om 4-chlorobenzenesulfonyl chloride 

f) -[4-l(5-trifluoromethy|.2.pyridlnyl)amino]cydohexyl]^^^^^ from 5-trifluorDmethyl-2-' 
diloropyridine. g) 1-l4-[(2.diloro^.pyrimldinyl)amlnolcyclohexyl]amlne from 2 4 
d.chloropyrimldlne. h) 1-I4-I(4-chIorobenzoyl)amino]cyclohexyt]amine from 4- ' 
chlorobenzoyi chloride. I) 1-[4-I(2.2Klimeti,y|.l-oxopropyl)amlnoJcyclohexyl]^^^^^^ 
from tnmethylacetyl chloride, j) 1-I4-[(2-benzotf,lazolyl)amlno]cydohexyl]amlne from 
2-chloroben2ottilazole In THF at reflux for 18 hr.. k) H4.[(4. 
cyanophenyoamlnojcydohexyqamlne from 4-amlnobenzonltrile In DMF at 100^ for 
48 hours. I) 1-[4.[(cydohexylcarbonyl) amino]cyclohexyl]amlne from 
cyclohexanecarbonyl chloride, m) H4-[(5-chtoro-2. 

benzott.iazolyl)amlno]cydohexyllamlne from 5-chlo,o.2-mercaptobenzothlazole at > 
200SC for 1 hr in 1 ,4-dlamlnocydohexane as solvent, n) 1-r4-{(4- 
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trifluoromethyl)phenyl]sulfonyl]amlno]cyclohexyl]amine from 4- 
(trifluoromethyl)benzenesulfonyl chloride, and o) 1-[4-[[(2- 

thienyl)sulfonyl]aniino]cyclohexyl]amine from 2-(thienyl)sulfonyl chloride. Moreover, 
the amine compounds of formula III may be prepared by reacting trans-4- 
aminocyclohexanol with the appropriate chloropyridine, chloropyrimidine, acid 
chloride, carbamoyl chloride, chlorobenzothiazole or sulfonyl chloride. For example, 
1 -[4-[4-(trif luoromethyl)phenoxy]cyclohexyl]amine can be prepared by slowly adding 
4-f luorobenzotrif luoride (1 .25 equivalents) to a suspension of sodium hydride (3.00 
equivalents) and fran5-4-aminocyclohexanol (1 .00 equivalent) in DMF. The desired 
amine is obtained after stirring for three hours at 60^0 and then at room temperature 
for 18 hours. The following amines can be prepared in a similar fashion: a) 1-[4-[4- 
(chlorophenoxy)]cyclohexyl]amine from 1-chioro-4-fiuorobenzene, b) 1-[4-[(3- 
trifluoromethyl)phenoxy]cyclohexyl]amine from 1-fluoro-3-trifluoromethyibenzene, and 
c) 1-[4-(3-chlorophenoxy)cyclohexyllamine from 1-chloro-3-fluorobenzene. 
Furthermore, the amine compounds of formula ill may be prepared by reacting ferf- 
buty!-4-pfperidylcarbamate with isocyanates and carbamyl chlorides followed by tert- 
butylcarbamate deprotection. For example, 1 -[1 -[[(4-chlorophenyl)amlno]carbonyl]-4- 
piperidinyl]amine, monohydrochloride can be prepared with the addition of 4- 
chlorophenyl isocyanate (1 .00 equivalent) to a solution of fd/t-butyl-4- 
piperidylcariDamate (1 .00 equivalent) in tetrahydrofuran followed by stirring at ice 
water temperature for two hours, followed by deprotection of the resulting urea 
(hydrogen chloride in ethyl acetate). 1 -[1 -[(dlisopropylamlno)carbonyl]-4- 
piperidinyljamine can be prepared in a similar fashion from diisopropylcarbamyl 
chloride. Still further, the amine compounds of formula III may be prepared from teit- 
butyl-4-piperidylcarbamate to provide 1 -[1 -[4-(4-Z-phenyl)-2-thiazolyl]"4- 
pfperidinyl]amines where Z is either H, CI or methoxy. For example, 1-[1-[4-(4- 
methoxyphenyl)-2-thiazolyl]-4-piperidinyl]amine, monohydride can be prepared with 
the addition of benzoyl isothiocyanate (1 .00 equivalent) to a solution of te/t-butyl-4- 
piperidylcari^amate (1 .00 equivalent) in tetrahydrofuran followed by stirring at room 
temperature for two hours. Hydrolysis of the resulting benzoyl isothiocyanate 
(K2CO3/H2O, reflux for 24 h) provides the thiourea which is reacted with 1 .00 
equivalent of 2-bromo-4 -methoxyacetophenone (EtOH, NEts at reflux for 2 hours). 
Deprotection of the t-butylcarbamate protecting group (hydrogen chloride in ethyl 
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acetate) provides the target amine monohydrochloride. The following amines can be 
prepared in a similar fashion: a) 1-[1-(4-phenyl-2-thiazolyl)-4-plperidinyl]amine from 
2-bromoacetophenone. and b) 1-{1-I4-(4-chlorophenyl)-2-thiazolyl]-4- 
piperidlnyljamine from 2-bromo-4'-chlorDacetophenone. 

The compounds of fomiula I having basic groups can be converted into acid 
addition salts, especially phamnaceutically acceptable acid addition salts. For 
example, the free base of a compound of fomiula I can be reacted with hydrochloric 
acid in gaseous iorm to fomi the con«sponding mono- and di-hydrochloride salt 
fonris. whereas reacting the free base with methanesulfonic acid fonns the 
con-esponding mesylate salt fomi. All phamiaceutically acceptable add addition salt 
forms of the compounds of formula I are intended to be embraced by the scope of 
this Invention. 



In view of the close relationship between the free compounds and the 
compounds In the fomr. of their salts, whenever a compound Is referred to in this 
context, a corresponding salt is also intended, provided such is possible or 
appropriate under the circumstances. 

The compounds. Including their salts, can also be obtained in the font, of their 
hydrates, or include other solvents used for their crystallization. 

As indicated above, all of the compounds of fomiula 1. and their corresponding 
pharmaceutically acceptable acid addiUon salts, are useful in Inhibiting DPP-IV The 
ability of the compounds of fomiula I. and their corresponding phamiaceutically 
acceptable acid addition salts, to Inhibit DPP-IV may be demonstrated employing the 
Caco-2 DPP-IV Assay which measures the ability of test compounds to inhibit DPP-IV 
activity from human colonic carcinoma cell extracts. The human colonic carcinoma 
cell line Caco.2 was obtained from the American Type Culture Collection (ATCC HTB 
37). Differentiation of the cells to Induce DPP-IV expression was accomplished as 
described by Reisher. et aJ. in an article entlUed "Increased expression of Intestinal 
cell line Caco-2- In Pioc. Natl. Acad. Sd.. Vol. 90. pgs. 5757-5761 (1993). Cell 
extract is prepared from ceils solubilized in lOmM Tris HCI. 0.15 M NaCI. 0.04 
t.i.u.aprotlnln. 0.5% nonldet-P40. pH 8.0. Which is centrifuged at 35.000 g for 30 min 
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at 4-C. to remove cell debris. The assay is conducted by adding 20 /yg solubilized 
Caco-2 protein, diluted to a final volume of 125 fjl in assay buffer (25 mM Tris HCI pH 
7.4, 1 40mM NaCI, 1 0 mM KCI, 1 % bovine serum albumin) to microfiter plate wells. 
After a 60 min. incubation at room temperature, the reaction is initiated by adding 25 
IJl of 1 mM substrate (H-Alanlne-Proline-pNA; pNA is p-nitroaniline). The reaction is 
carried out at room temperature for 1 0 minutes after which time a 1 9 pi volume of 
25% glacial acetic acid is added to stop the reaction. Test compounds are typically 
added as 30 y\ additions and the assay buffer volume is reduced to 95 //I. A standard 
curve of free p-nltroanillne is generated using 0-500 /jM solutions of free pNA in 
assay buffer. The curve generated is linear and is used for interpolation of substrate 
consumption (catalytic activity in nmoles substrate cleaved /min). The endpoint is 
determined by measuring absorbance at 405 nm in a Molecular Devices UV Max 
microtiter plate reader. 

The potency of the test compounds as DPP-IV inhibitors, expressed as ICso, is 
calculated from 8-point, dose-response curves using a 4-parameter logistic function. 



The following ICso's were obtained: 



Compound 


Caco-2 DPP-IV (nM) 


Ex. 1 


2 


Ex. 2A 


2 


Ex. 2B 


5 


Ex. 2C 


99 


Ex. 2D 


44 


EX.2E 


27 


EX.2F 


45 


Ex.2G 


270 


Ex. 2H 


79 


Ex. 21 


80 


EX.2J 


41 


EX.2K 


56 


EX.2L 


3 
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Ex. 2P 



EX.2Q 



Ex. 2V 
EX.2W 



Ex, 



8 



Ex. 2Y 


12 


Ex. 2Z 


66 


Ex. 2AA 


I ' 56 ' 


Ex. 2BB 


19 


Ex. 2CC 


29 


Ex. 2DD 


156 
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Ex. 5 36 

The ability of the compounds of formula I, and their corresponding 
pharmaceuticaiiy acceptable acid addition salts, to inhibit DPP-IV may also be 
demonstrated by measuring the effects of test compounds on DPP-IV activity in 
human and rat plasma employing a modified version of the assay described by 
Kubota, et al. in an article entitled "Involvement of dipeptldylpeptidase IV in an in vivo 
Immune response'' In Clin. Exp. Immunol., Vol. 89, pgs. 192-197 (1992). Briefly, 5 /il 
of plasma are added to 96-well flat-bottom micortiter plates (Falcon), followed by the 
addition of 5 jt/l of 80 mM MgCb in incubation buffer (25 mMHEPES, 140 mM NaCI, 
1 % RlA-grade BSA, pH 7.8). After a 60 min. incubation at room temperature, the 
reaction is initiated by the addition of 10 pi of incubation buffer containing 0.1 mM 
substrate (H-Glycine-Proline-AMC; AMC is 7-amino-4-methylcoumarin). The plates 
are covered with aluminum foil (or kept in the dark) and incubated at room 
temperature for 20 min. After the 20 min. reaction, florescence is measured using a 
CytoFluor 2350 fluorimeter (Excitation 380 mn Emission 460nm; sensitivity setting 4). 
Test compounds are typically added as 2 pi additions and the assay buffer volume is 
reduced to A fluorescence-concentration curve of free AMC Is generated using 
0-50 tM solutions of AMC in assay buffer. The curve generated is linear and is used 
for interpolation of substrate consumption (catalytic activity in nmoles substrate 
cieaved/min). As with the previous assay, the potency of the test compounds as 
DPP-IV inhibitors, expressed as IC50, is calculated from 8-point, dose-response 
curves using a 4 parameter logistic function. 



The following ICso's were obtained: 



Compound 


human plasma DPP-IV (nM) 


rat plasnm DPP-IV (nM) 


Ex. 1 


30 


6 


EX.2A 


10 


5 


Ex. 2B 


59 


11 


Ex. 2C 


50 


25 


Ex. 2D 


93 


71 


Ex. 2E 


27 


19 
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Ex 2LL 


649 


1 £0 




71 




Ex. 3 


204 


107 


EX.4A 


48 


20 


EX.4B 


77 


31 


Ex. 4C 


68 


48 


EX.4D 


104 


59 


Ex. 5 


5 


4 



In view of their ability to Inhibit DPP-IV, frie compounds of formula I, and their 
corresponding pharmaceutically acceptable acid addition salts, are useful in treating 
conditions mediated by DPP-IV inhibition. Based on the above and findings In the 
literature, it is expected that the compounds disclosed herein are useful in the 
treatment of conditions such as non-insulin-dependent diabetes metlitus, arthritis, 
obesity, allograft transplantation and calcitonin-osteoporosis. In addition, based on 
the roles of glucagon-like peptides (such as GLP-1 and GLP-2) and their association 
with DPP-IV inhibition, it is expected that the compounds disclosed herein are useful 
for example, to produce a sedative or anxiolytic effect, or to attenuate post-surgical 
catabolic changes and hormonal responses to stress, or to reduce mortality and 
morbidity after myocardial infarction, or in the treatment of conditions related to the 
above effects which may be mediated by GLP-1 and/or GLP-2 levels. 

More specifically, for example, the compounds of formula I, and their 
corresponding pharmaceutically acceptable acid addition salts, improve early insulin 
response to an oral glucose challenge and, therefore, are useful in treating non- 
insulin-dependent diabetes mellitus* The ability of the compounds of formula I, and 
their corresponding pharmaceutically acceptable acid addition salts, to improve early 
insulin response to an oral glucose challenge may be measured in insulin resistant 
rats according to the following method: 

Male Sprague-Dawley rats tiiat had been fed a high fat diet (saturated fat = 
57% calories) for 2-3 weeks were fasted for approximately 2 hours on the day of 
testing, divided Into groups of 7-10, and dosed orally with 10 pmol/kg of test 
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compound in carboxymethylcellulose. Each of the test compounds administered 
orally at 10 fimol/kg ten minutes prior to the administration of glucose (1 g^g p.o ) 
led to a Significant inhibition of plasma DPP-IV activity during the study. For example 
the compound of Example 2N. administered orally at 10 pmol/kg (n=7-8) ten minutes ' 
prior to the administration of glucose (Ig/kg p.o.). led to an 80% Inhibition of plasma 
DPP-IV activity during the study. Blood samples, obtained at various time-points from 
chronic jugular vein catheters, were analyzed for plasma glucose concentration. 
Data are expressed as % decrease of the area under the plasma glucose curve 
compared to vehicle-treated control animals. Ttie following result was obtained: 



Compound 


Decrease of plasma glucose excuision 
at 10 fjmoMcg (psO.01) 


Ex. 2N 


39% 



The precise dosage of the compounds of fomiula I. and their con-esponding 
phamiaceutically acceptable acid addition salts, to be employed for treating 
conditions mediated by DPP-lv inhibition depends upon several factors, including the 
host, the nature and the severity of the condition being treated, the mode of 

administration and the particular comoound emolowfiri Mn«,o«^. «, . 

conditions mediated by DPP-IV inhibition are effectively treated when a compound of 
fomiula I. or a con-esponding pharmaceuticaily acceptable acid addition salt, is 
administered enterally. e.g.. orally, or parenterally. e.g.. intravenously, preferably 
orally, at a dally dosage of 0.002-5. preferably 0.02-2.5 mg/kg body weight or. for 
most larger primates, a daily dosage of 0.1-250. preferably 1-100 mg. A typical oral 
dosage unit Is 0.01 -0.75 mg/kg. one to thrae times a day. Usually, a small dose is 
administered Initially and the dosage is gradually increased until the optimal dosage 
for the host under treatment Is detemiined. The upper limit of dosage is that imposed 
by side effects and can be detemiined by trial for the host being treated. 

The compounds of fomiula I. and their corresponding pharmaceuticaily 
acceptable acid addition salts, may be combined with one or mora pharmaceuticaily 
acceptable camera and. optionally, one or more other conventional pharmaceutical 
adjuvants and administered enterally, e.g.. orally. In the forni of tablets, caf^les. 
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caplets, etc. or parenterally, e.g., intravenously, in the form of sterile injectable 
solutions or suspensions. The enteral and parenteral compositions may be prepared 
by conventional means. 

The compounds of formula 1, and their corresponding pharmaceutically 
acceptable acid addition salts, may be formulated into enteral and parenteral 
pharmaceutical compositions containing an amount of the active substance that is 
effective for treating conditions mediated by DPP-IV inhibition, such compositions in 
unit dosage form and such compositions comprising a pharmaceutically acceptable 
carrier. 

The compounds of formula I (including those of each of the subscopes thereof 
and each of the examples) may be administered in enantiomerically pure form (e.g., 
ee>98%, preferably >99%) or together with the R enantiomer, e.g., in racemic form. 
The above dosage ranges are based on the compounds of formula I (excluding the 
amount of the R enantiomer). 

The present invention furthermore refers to a combination, especially a 
combined preparation or pharmaceutical composition, respectively, comprising a 
compound of formula i or a pharmaceutically acceptable salt thereof and at least one 
different antidiabetic agent (e.g. one or two different antidiabetic agents) or a 
pharmaceutically acceptable salt thereof. 

A suitable antidiabetic agent is e.g. selected from the group consisting of 
insulin signalling pathway modulators, like inhibitors of protein tyrosine phosphatases 
(PTPases), non-small molecule mimetic compounds and inhibitors of glutamine- 
fructose-6-phosphate amidotransferase (GFAT), compounds influencing a 
dysregulated hepatic glucose production, like inhibitors of glucose-6-phosphatase 
(G6Pase), inhibitors of f ructose-1 ,6-bisphosphatase (F-1 ,6-BPase), inhibitors of 
glycogen phosphoryiase (GP), glucagon receptor antagonists and inhibitors of 
phosphoenolpyruvate carboxykinase (PEPCK), pyruvate dehydrogenase kinase 
(PDHK) inhibitors, Insulin sensitivity enhancers, insulin secretion enhancers, a- 
glucosidase inhibitors, inhibitors of gastric emptying, insulin, and cee-adrenergic 
antegonists for simultaneous, separate or sequential use. 
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Examples of Inhibitors of PTPase" Include, but are not limited to those disclosed in 
U.S. Patent No. 6.057.316. U.S. Patent No. 6.001.867. WO 99/58518. WO 99/58522 WO 
99/46268. WO 99/46267. WO 99/46244. WO 99/46237. WO 99/46236. WO 99/15529 and 
by Poucheret et al in Mol. Cell Biochem. 1998. 188, 73-80. 

Examples of "non-small molecule mimetic compounds" include, but are not limited to 
those disclosed in Science 1999. 284; 974-97. especially L-783.281 . and WO 99/58127 
especially CLX-901 . ' 

E»™p,es Of inhibitors of GFAT- inoiude, but are no, limited to U,ose disclosed in Moi. 
Cell. Endocnnol. 1 997,1 35(1 ), 67-77. 

The temi "inhibitors of oePase" used herein means a compound or 

trrrr 7Z " '""''^ '^'^^'^ g-uconeogenesls by decreasing or lnhibi«ng 

«ie actlvty of G6Pase. Examples of such compounds are disclosed In WO 00/14090 WO 
99/40062. WO 98/40385. EP682024 and Diabetes 1998, 47. 1630-1636 



The term «inhibito,s of F-l .e-BPase" used herein means a comoound n.^„...,«.. 
Which reduces or Inhibits hepatic gluconeogenesis by decreasing or inhibi^n'g t^^rc^;;; 
F.i^6-BPase. Examples of such compounds are disclosed In WO 00/14095. WO 99/47549 
WO 98/39344. WO 98/39343 and WO 98/39342. ^ a»/47549. 

The tem, "inhibitors of GP" used herein means a compound or composition which 
reduces or inhibits hepatic glycogenolysis by decreasing or inhibiting the activity of GP 
B^mples of such compounds are disclosed In EP 978279. US Patent No. 5998463 WO 
99^6659. EP 846464. WO 97/31 901. WO 96/39384. W09639385 and in particular CP 
91149 as described In Proc. NaU. Acad Sci USA 1998, 95. 1776-1781. 

The temi "glucagon receptor antagonists" as used herein relates In particular to the 
compounds described In WO 98/04528. especially BAY27-9955, and those described In 
B.oorg Med. Chem. Lett 1992. 2. 915-918. especially CP-99,71 1 . J. Med. Chem. 1998 41 
5150-5157. especially NNC 92-1687. and J. Biol Chem. 1999. 274; 8694-8697. especially 
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H 68.049 and compounds disclosed In US 5,880,139, WO 99/01423, US 5,776,954, WO 
98/221 09, WO 98/221 08, WO 98/21 957 and WO 97/1 6442. 

The term "inhibitors of PEPCK" used herein means a compound or composition which 
reduces or inhibits hepatic gluconeogenesis by decreasing or inhibiting the activity of 
PEPCK. Examples of such compounds are disclosed in U.S. Patent No. 6,030,837 and Mol. 
Biol. Diabetes 1994, 2, 283-99. 

The term ''PDHK Inhibitors" as used herein means inhibitors of pyruvate 
dehydrogenase kinase and include, but are not limited to, those compounds disclosed by 
Aicher et al In J. Med. Chem. 42 (1999) 2741-2746. 

The term "insulin sensitivity enhancer" used herein means any and all 
pharmacological active compounds that enhance the tissue sensitivity towards insulin. 
Insulin sensitivity enhancers include, e.g., inhibitors of GSK-3, retinoid X receptor (RXR) 
agonists, agonists of Beta-3 AR, agonists of UCPs, antidiabetic thiazolldinediones 
(glitazones), non-glitazone type PPARy agonists, dual PPARy/ PPARa agonists, 
antidiabetic vanadium containing compounds and biguanides, e.g., metformin. 

The insulin sensitivity enhancer is preferably selected from the group consisting of 
antidiabetic thiazolldinediones, antidiabetic vanadium containing compounds and 
metfomiin. 

In one preferred embodiment, the insulin sensitivity enhancer is metfonmln. 

Examples of "inhibitors of GSK-S" include, but are not limited to those 
disclosed in WO 00/21927 and WO 97/41854. 

By "RXR agonist" is meant a compound or composition which when combined with 
RXR homodimers or heterodimers increases the transcriptional regulation activity of RXR, 
as measured by an assay known to one skilled in the art, Including, but not limited to, the 
"co-transf ection" or "cis-trans** assays described or disclosed In U.S. Pat. Nos. 4,981 ,784, 
5,071,773, 5,298,429, 5,506,102, WO89/05355, WO91/06677, WO92/05447, 
W093/1 1235, WO95/18380, PCT/US93/04399, PCT/US94/03795 and CA 2,034,220. 
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wh,oh are incorponated by «,ere„ce he^in. It includes, but is not limited to, compounds that 
profe^nUally activate RXR over RAR (i.e. RXR specific agonists), and compounds that 
a*ete both RXR and RAR (i.e. pan agonists). It also includes compounds that achate 
RXR ,n a certain cellular context but not others (i.e. partial agonists). Compounds disclosed 
or descnbed in the following articles, patents and patent applicatione which have RXR 
agorast activity a«e inoorpomted by reference herein: U.S. Pat. Nos. 5,399,586 and 

5,466,861, WO96/05165, PCT/US9S/16842, PCT/US95/16695, PCTAIS93/10094 
WO94/15901. PCT/US92/11214, W093/1,755. PCT/U893/10166, PCT/US93/10^04 
WO94/15902. PCT/US93A>3944, W093/2,146. provlslonal applicatione 60,004,897 and 

60,009,884, Boehm, et al. J. Med. Chem. 38(1 6):31 46^1 55. 1994. Boehm, etal. J. Med 

Chem. 37(18):2930-2941, 1994, Ant.es et al., J. Biol. Chem. 286:1 157-1161 (1991) ' 
Salazar^Bvo e, al.. Blochem. Biophys. Res. Commun. 204:157-263 (1994) and Safanova 
Mo CelL Endocrin. 104:201-21 1 (1994). RXR specific agonists Include, but are no, limited 
to. LG 100268 (l.e. 211-(3.6.5A8i»ntamethy|.5,6.7.8.tetmhydro-2-naphthyl)-oyclop,opyl,- 

z'n^t?*^ "■"^ 'H(3.5,5.8.8.pe„tamethy|.5.6.7.8.tetrahy o- 

2-naphthyD.2-carbonylH«nzo Ic acid), and analogs. dertvaBves and pham,aceutlcaliy 

acceptable salts thereof. The stmctures and syntheses of LG 100268 and LGD 1069 are 

d^closed in Boehm. etal. J. Med. Chem. 38(16): 3146^,55. 1994. incorporated by 

refere™>e herein. Pan agonists l^Hude. but are not nmlted to. ALRT 1 057 n.e. 
acM). and analogs, derivatives and phamwceutically acceptable ealts thereof. 

Examples of •Agonists of Beta-3 AR" include, but a» not llmiled to CL-31 6 243 
fl-ederte Labo«tortes) and those disclosed in WO 89/29672. WO 98«2753. WO 9*20005 

WO 98«.9e25. WO 97/46556. WO 97/37646 and U.S. Patent No. 5,705.5,;. ' 

The term "agonists of UCPsr used herein means agonists of UCP-, 
preferably UCP-a and even more preferably UCP-3. UCPs a™ disclosed m Vidal-Puig e, a. 
Biochem. Biophys. Res. Commun.. VoL 235(,) pp. 79-82 (1997). Such agonlste are a " 
compound or composWon which inCTeases tfie acdvlty of UCPs. 

The antldiabelic thhzolldinedtone (glitazone) Is, for example, (S)-((3 4- 
d*jydrc-^henW-me*y,)-2H.1.ben»^ 

5K(4K3-(S-memy,.2.phenyM-oxa«lyl)-1s>xop,cpyl)lrfteny»™emylh^ 

(dargwazone). 5^[4-(1-methyk:yclohexyl)methoxy).phenyllme%l)-fttaolldlne-2.4^ 



BNSDOCID: <WO 0196295A2J_> 



wo 01/96295 



PCT/EPOl/06595 



-26- 



(ciglitazone), 5-{[4-(2-(1-indolyl)ethoxy)phenyl]methyl}-thiazolidine-2,4-dione (DRF2189), 5- 
{4-[2-(5-methyl-2-phenyl-4-oxazolyl)-ethoxy)]benzyl}-thiazolidine-2,4-dione (BM-1 3.1 246), 5- 
(2-naphthylsulfonyl)-thia2olidine-2,4-dlone (AY-31 637), bis{4-[(2,4-dioxo-5-thiazolidinyl)- 
methyl]phenyl}methane (YM268). 5-{4-[2-(5-methyl-2-phenyl-4-oxazolyl)-2-hydroxyethoxy]- 
benzyl}-thiazolidine-2,4-dione (AD-5075), 5-[4-(1 -phenyl-1 -cyclopropanecarbonylamino)- 
benzyl]-thiazolidine-2,4-dione (DN-1 08) 5-{[4-(2-(2,3-dihydroindol-1 -yl)ethoxy)phenylmethyl}- 
thiazolidine-2,4-dione, 5-[3-(4-chloro-phenylI)-2-propynyl]-5-phenylsulfonyl)thiazolidine-2,4- 
dione, 5-[3-(4-chiorophenyl])-2-propynyl]-5-(4-fluorophenyl-sulfonyl)thiazolidine-2,4-dione, 5- 
{[4-(2-(methyl-2-pyridinyl-arnino)-ethoxy)phenyl]methyiHhiazolidine-2,4-dione (rosi- 
glitazone), 5-{[4-(2-(5-ethyi-2-pyridyl)ethoxy)phenyl]-methyi}thiazolidine-2,4-dione 
(ploglitazone), 5-{I4-((3,4-dlhydro-6-hydroxy-2,5,7,8-tetramethyl-2H-1-benzopyran-2- 
yl)methoxy)-phenyl]-methylHh«a2olldine-2,4-dione (troglitazone), 5-[6-(2-fluoro-benzyloxy)- 
naphthalen-2-ylmethyl]-thlazolldlne-2,4-dione (MCC555), 5-{[2-(2-naphthyl)-benzoxazol-5- 
yl]-methyl}thiazolldlne-2,4-dlone (T-174) and 5-(2,4-dioxothlazolidln-5-ylmethyl)-2-methoxy- 
N-(4-trifluoFomethyl-benzyl)benzamide (KRP297). 

The glitazones5-{[4-(2-(5-ethyl-2-pyridyl)ethoxy)phenyi]-methyl}thiazoiidine- 
2,4-dione (pioglltazone, EP 0 193 256 A1), 5-{[4-(2-(methyl-2-pyridinyi-amino)- 
ethoxy)phenyl]methyl}-thiazolidlne-2,4-dlone (rosiglitazone, EP 0 306 228 A1 ), 5-{[4-((3,4- 
dihydro-6-hydroxy-2,5,7,8-tetramethyl-2H-1-benzopyran-2-yl)methoxy)-phenyl3- 
methyl}thiazolidine-2,4-dione (troglitazone, EP 0139 421), (S)-((3,4-dlhydro-2-(phenyl- 
methyi)-2H-1-benzopyran-6-yl)methyl-thiazolidine-2,4-dione (englitazone, EP 0 207 605 
B1), 5-(2,4-dioxothiazolidin-5-ylmethyi)-2-methoxy-N-(4-trifluoromethyi-benzyl)benzamide 
(KRP297, JP 10087641 -A), 5-{6-(2-fluoro-benzyloxy)naphthalen-2-yJmethyl]thlazolidlne-2,4- 
dlone (MCC555, EP 0 604 983 B1), 5-{[4-(3-(5-methyl-2-phenyl-4-oxazolyl)-1-oxopropyl)- 
phenyll-methyl}-thiazolidine-2,4-dione (darglitazone, EP 0 332 332), 5-(2-naphthylsulfonyi)- 
thiazolidine-2,4-dione (AY-31 637, US 4,997,948), 5-{[4-(1-methyi-cyclohexyl)methoxy)- 
phenyl]methyi}-thiazolidine-2,4-dione (dglitazone, US 4,287,200) are in eacli case 
generically and spedfically disclosed in the docunrients cited in brackets beyond each 
substance, in eac^ case in particular in the compound claims and the final products of the 
woridng examples, the subject-matter of the final products, the pharmaceutical preparations 
and the claims are hereby incorporated into the present application by reference to these 
publications. The preparation of DRF2189 and of 5-{[4-(2-(2,3-dihydroindol-1- 
yl)ethoxy)phenyi]methyi}-thiazoiidine-2,4-dione is described in B.B. Lohray et ai.. J. Med. 
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Chem. 1998. 41. 1619-1630: Examples 2d and 3g on pages 1627 and 1628 The 
preparation of 5H3-(4-chlorophenylJV2-propynyQ-5-phenylsulfonyl)-thia2olW^^ 
and the other compounds In which A Is phenylethynyl mentioned herein can be carried out 
according to the methods described in J. Wrobel et al.. J. iWed. Chem. 1998. 41. 1084- 

1091 



In particular. MCC555 can be fom,uiated as disclosed on page 49. lines 30 
to 45. Of EP 0 604 983 B1 ; englltazone as disclosed from page 6. line 62. to page 7 line 6 
or analogous to Examples 27 or 28 on page 24 of EP 0 207 606 Bl; and darglltazorle and' 
5-{4-I2-(5-methyl-2-pheny|.4-oxa2olyl)-ethoxy)]benzyl^thla2olidine 

can be fomiulated as disclosed on page 8. line 42 to line 54 of EP 0 332 332 Bl AY.31637 
can be administered as disclosed in column 4. lines 32 to 61 of US 4.997 948 and 
rosiglitazone as disclosed on page 9. lines 32 to 40 of EP 0 306 228 Al the latter 
preferably as its maleate salt. Rosiglitazone can be administered In the fom, as it is 
marlceted e.g. under the trademark AVANOrA™. Troglitazone can be administered In the 
fom. as rt is marketed e.g. under the trademarks ReZulin™. PREU^Y™. ROMOZIN™ (in the 
United Kingdom) or NOSCAL™ (in Japan). Pioglitazone can be administered as disclosed in 
Example 2 of EP 0 1 93 256 Al . preferably In the fom of the monohydrochloride salt 

Conresponding to the needs of the sinaie n«Hor.t K .... .... 

I — .% wMii WO pua»iui« to aaminister 

Pioglitazone in the fom. as it Is marketed e.g. under the trademark ACTOS™. Ciglitazone 
can. for example, be fomtuiated as disclosed in Example 13 of US 4.287.200. 

Non-glitazone type PPARy agonists are especially N-(2-benzoylphenyl).L- 
tyrosine analogues, e.g. 61-262570, and JTr501 . 

The tern, "dual PPARy / PPARa agonists" as used herein means compounds which 
are at the same time PPARy and PPARa agonists. P^ferred dual PPARy/ PPARa agonists 
are especially those co.[(oxoquinazolinylalkoxy)phenynalkanoates and analogs thereof . very 
espedally the compound DRF-554158. descnbed in WO 99/08501 and the compound NC 
2100 described by Fukul in Diabetes 2000. 49(5), 759-767. 

Preferably, the antidiabetic vanadium containing compound is a 
physiologically tolerable vanadium complex of a bidentate monoprof c chelant. wherein said 
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chelant is an a-hydroxypyrone or a-hydroxypyridtnone, especially those disclosed in the 
Examples of US 5,866,563, of which the working examples are hereby incorporated by 
reference, or a pharmaceutically acceptable salt thereof. 

The preparation of metformin (dimethyldiguanide) and Its hydrochloride salt 
is state of the art and was disclosed first by Emil A. Werner and James Bell, J. Chem. Soc. 
121 , 1922, 1790-1794. Metfonnin, can be administered e.g. in the form as marketed under 
the trademarks GLUCOPHAGE™. 

Insulin secretion enhancers are pharmacological active compounds having 
the property to promote secretion of insulin from pancreatic p cells. Examples for insulin 
secretion enhancers include glucagon receptor antagonists (see above), sulphonyl urea 
derivatives, incretin hormones, especially giucagon-like peptide-1 (GLP-1) or GLP-1 
agonists, p-cell imidazoline receptor antagonists, and short-acting insulin secretagogues, 
like antidiabetic phenylacetic acid derivatives, antidiabetic D-phenylalanine derivatives and 
BTS 67582 described by T. Page et al in Br. J. Pharmacol. 1997, 122, 1464-1468. 

The sulphonyl urea derivative is, for example, glisoxepid, glyburide, glibenclamide, 
acetohexamide, chloropropamlde, glibomuride, tolbutamide, tolazamide, glipizide, 
carbutamide, gliquidone, glyhexamide, phenbutamide or tolcyclamide; and preferably 
glimepiride or giiciazide. Tolbutamide, glibenclamide, gliclazide, glibomuride, gliquidone, 
glisoxepid and glimepiride can be administered e.g. in the fomi as they are marketed under 
the trademarks RASTINON HOECHST™, AZUGLUCON™, DIAMICRON™, GLUBORID™, 
GLURENORM™, PRO-DIABAN™ and AMARYL™, respectively. 

GLP-1 is a insulinotropic proteine which was described, e.g., by W.E. 
Schmidt et al. in Diabetologia 28, 1985 . 704-707 and in US 5,705,483. The term "GLP-1 
agonists" used herein means variants and analogs of GLP-1 (7-36)NH2 which are disclosed 
in particular In US 5,120,712, US 5,1 18666, US 5,512,549, WO 91/1 1457 and by G. Orskov 
et al in J. Biol. Chem. 264 (1989) 12826. The tenm "GLP-I agonists" comprises especially 
compounds like GLP-1 (7-37), in which compound the cartsoxy-tenminal amide functionality 
of Arg^® is displaced with Gly at the 37*^ position of the GLP-1 (7-36)NH2 molecule and 
variants and analogs thereof including GLN^-GLP-1 (7-37), D-GLN^-GLP-1 (7-37), acetyl 
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LYS^-GLP.1(7-37). LYS«-GLP-1(7-37) and. in particular. GLP-1 (7-37)OH. VAL«-GLP-1f7 
37). GLY«-GLP.1(7-37). THR«^3LP.1 (7-37). MET^-GLP-l (7-37) and 4-imidazop,opiony|. 
GLP-1 . Special preference Is also given to the GLP agonist analog exendln-J. described by 
Greig et aJ In Diabetologia 1 999, 42. 45-50. 

The tenn "p-cell imidazoline receptor antagonists" as used herein means 
compounds as those described In WO 00/78726 and by Wang et al In J. Pham,acol Exp 
Ther. 1996; 278; 82-89. e.g. PMS 812. 

The antidiabetic phenylacetic acid derivative Is preferably repagllnlde or a phamiaceutlcally 
acceptable salt thereof. 

l\/Iost preferably, the antidiabetic D-phenylalanine derivative Is nategllnide or a 
phanDaceutlcally acceptable salt thereof. 

Nategllnide (N-[«ran^-l8opropylcyclohexyl)-carbonyl]-D-phenylalanlne. EP 196222 
and EP 526171) and repagllnlde ((S)-2-ethoxy.4-{2-[I3-methyH -[2.(1 - 

plperldinyl)phenylJbutyJJamino].2-oxoethyl)ben2olc add. EP 0 147 850 A2. In particular 
Example 11 on page 61. and EPD 207 331 AiA_«r« « -o^k 

specifically disclosed in the documents cited in brackets beyond each substance. In each 
<^e in particular In the compound claims and the final products of the woridng examples 
ttie subject-matter of the final products, the pham^aceutlcal preparations and the claims are 
hereby .ncorporated Into the present application by reference to these publications The 
tem. nategllnide as used herein comprises crystal modifications (polymorphs) such as those 
drsclosed .n EP 0526171 B1 or US 5.488.510. respectively, the subject matter of which Is 
.ncon^orated by reference to this application, especially the subject matter of claims 8 to 1 0 
as well as the corresponding references to the B-type crystal modification. Preferably In the 
present Invention the 8- or H-type. more preferably the H-type. is used. Repagllnde can be 
administered In the fomi as It Is mariceted e.g. under the tmdemaric NovoNom)™ 
Nategllnide can be administered In the fomi as It Is mariceted e.g. under the trademaric 

STARLIX™. 
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a-Glucosidase inhibitors are pharmacological active compounds which 
inhibit small intestinal a-glucosidase enzymes which break down non-adsorbable complex 
carbohydrates into absorbable monosaccharides. Examples for such compounds are 
acarbose, N-(1,3-dlhydroxy-2-propyl)valiolamine (voglibose) and the 1 -deoxynojirimycin 
derivative miglitol. Acarbose is 4",6"-dideoxy-4"-[(l S)-(1 ,4,6/5H,5,6-trihydroxy-3- 
hydroxymethyl-2-cyclo-hexenylamino}maltotriose. The structure of acarbose can as well be 
described as 0-4,6-dideoxy-4-{[1 S,4R,5S.6S]-4,5,6-trihydroxy-3-(hydroxymethyl)-2- 
cyclohexen-1 -yl]-amino}-a-D-glucopyranosyl-(1 ->4)-0-a-D-glucopyranosyl-(1 ->4)-D- 
glucopyranose. Acarbose (US 4,062,950 and EP 0 226 121), is generically and specifically 
disclosed in the documents cited in brackets, in particular in the compound claims and the 
final products of the working examples, the subject-matter of the final products, the 
pharmaceutical preparations and the claims are hereby incorporated into the present 
application by reference to these publications. Corresponding to the needs of the single 
patient it can be possible to administer acarbose in the form as it is marketed e.g. under the 
trademark GLUCOBAY™. Miglitol can be administered in the form as it is marketed e.g. 
under the trademark DIASTABOL 50™ 

The a-glucosidase Inhibitor Is preferably selected from the group consisting of 
acarbose, voglibose and miglitol. 

Examples of "Inhibitors of gastric emptying" other than GLP-1 Include, but 
are not limited to those disclosed In J. Clin. Endocrinol. Metab. 2000, 85(3), 1043-1048, 
especially CCK-8, and in Diabetes Care 1 998; 21 ; 897-893, especially Amylln and analogs 
thereof, e.g. Pramlintide. Amylin is also described e.g. by O.G. Kolterman et al. in 
Diabetologia 39, 1996 , 492-499. 

Examples of "cfe-adrenergic antagonists'' Include, but are not limited to midaglizole 
described in Diabetes 36, 1987, 216-220. 

Comprised are likewise the corresponding stereoisomers as well as the 
corresponding polymorphs, e.g. crystal modifications, which are disclosed in the cited 
patent documents. 
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In a veiy preferred embodiment of the inverition. the further antidiabetic compound is 
selected from the group consisting of nateglinide. repaglinide. metfomiin. roslglitazone 
p.oglrtazone. troglitazone. glisoxepid. glyburide. glibenclamide. acetohexamide. chloro- 
propamide. gllbomuride. tolbutamide, tolazamide, glipizide, carbutamlde. gliquidone 
glyhexamide. phenbutamide. tolcyclamide. glimepiride and gliclazide. or the pharma^ 
ceutically acceptable salt of such a compound. Most preferred is nateglinide. repaglinide or 
metfom)in. respectively. furthem.ore. ploglitazone. roslglitazone or troglitazone respectively. 

The structure of the active agents identified by code nos.. generic or trade 
names may be taken from the actual edition of the standard compendium "The Merck 
Index- or from databases, e.g. Patents International (e.g. IMS Worid Publications) The 
corresponding content thereof is hereby incorporated by reference. Any person skilled in 
the art is fully enabled to identify the active agents and. based on these references, likewise 
enabled to manufacture and test the phamtaceutical Indications and properties In standard 
test models, both in vitro and in vivo. 

The combinations according to the present invention can used especially In 
the prevention, delay of progression or treatment of conditions mediated by 
dipeptidylpeptidase - IV (DPP^V). in particular diabetes, more particular tvoe 2 
d.abetes mellitus. conditions of impaired glucose tolerance (IGT). conditions of 
impaired fasting plasma glucose, metabolic acidosis, ketosis. arthritis, obesity and 
osteoporosis; for the prevention, delay of progression or treatment of such conditions- 
the use of such combination for the cosmetic treatment of a mammal in order to 
effect a cosmetteally beneficial loss of body weight. 

The person skilled in the pertinent,art Is fully enabled to select a relevant animal test 
model to prove the hereinbefore and hereinafter indicated therapeutic indications and 
beneficial effects. 

The Invention f urthemnore relates to a commercial package comprising a 

compound according to the present invention or a combination accorxling to the 

present invention together with instructions for simultaneous, separate or sequential 
use. 
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The following examples show representative compounds encompassed by 
this invention and their synthesis. However, it should be clearly understood that they 
are for purposes of illustration only. 

EXAMPLE 1 

1 -[[[2-[(5-ChIoro-2-pyrldlnyl)amino]-1 , 1 -dimethylethyllamino]acetyl]-2-cyano-(S)- 
pyrrolidine, monohydrochloride 

A. 1 -Chloroacetyl-2-(S)-cyanopyrrolidine 

To a mechanically stinted solution of 20.0 g (180.0 mmol) of 
chloroacetylchloride and 97 g (0.70 mmol) of potassium carbonate in 150 mL of 
tetrahydrof uran is added a solution of L-prolinamide 20.0 g (1 80.0 mmol) in 500 mL 
of tetrahydrof uran In a dropwise fashion over 45 minutes. This reaction is then 
mechanically stirred for an additional two hours at room temperature. The reaction is 
then filtered to remove potassium salts and the filtrate Is dried over NaaSOA. The 
Na2S04 is then removed via filtration and to this colorless filtrate is added 
trifluoroacetic anhydride (25.0 mL, 0.180 mmol) in one portion. The reaction is then 
magnetically stirred for 1 hour at room temperature and the resulting clear 
yellow/orange solution is concentrated via rotovap. The excess trifluoroacetic 
anhydride is removed by adding ethyl acetate to the concentrated oil and 
reconcentrating via rotovap. This removing operation is performed three times. 

The resulting oil is partitioned between ethyl acetate and water. The product 
is then extracted into the ethyl acetate and the aqueous layer is then washed twice 
with ethyl acetate. The combined organic layers are then washed successively with 
water and brine dried over magnesium sulfate, filtered and concentrated to obtain 1- 
chloroacetyl-2-(S)-cyanopyrrol{dine as a yellow solid. 

Alternatively, the reaction may be canied out by using, as base, a mixture, 
e.g. 2-ethyl-hexanotc acid/sodium hydride. 

B. Preparation of the title compound in free base form 

To a 200 ml flask containing 60 ml of CHsCIa is added 1 .85 g (9.27 mmol) of 
2-[(5-chloro-2-pyrindinyl)aminol-1,1-dimethylethylamine and 3.95 g of K2CO3 and the 
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mixture is cooled In an ice bath. To this cooled mixture is slowly added 1 .20g (7 14 
mmol) of the above chloride compound prepared in A) dissolved in 30 ml of CH^Cfe 
The resultant mixture Is stirred at room temperature for 2 days. The K2CO3 Is then 
removed via filtration and the filtrate is concentrated via rotovaping. The crude fom, 
« then purified on silica gel employing a SIMS^iotage Rash chromatography system 
and a 3% solution of methanol In methylene chloride as the eluent to yield the title 
compound In free base form as a sticky yellow solid. 

C. Preparation of the title compound 

After dissolving the free base compound prepared in B) above in 20 ml of dry 
tetrahydrofuran. hydrogen chloride gas is bubbled into the solution for 20 seconds 
The reaction was stirred for five minutes and then concentrated via rotovap and then 

high vacuum pumping to obtain the title compound as an off-white solid mp 164=- 
1 66SC. NMR (ppm) = 11 9. 1 7. 



EXAMPLE 2 



Following essentially the procedure of Example 1. and using in place of the amine 
therein an equivalent amount of the above described or commercially available: 

-[2-[(5-cyano-2-pyridlnyl)amino]-1 ,1 -dimethylethyljamine; 
-[2-I(5-trif luoromethyl-2-pyridinyl)amlno].1 , 1 -dimethylethyljamine; 
-[2-[(4-methylben2oyl)amino>1 ,1 -dimethylethyljamine; 
-[2-[(3-chloro.2-pyridlnyl)aminoJ-1 ,1 dimethylethyljamine; 

-[2-[(4-trifluoromethyl-2-pyridinyl)aminoJ.1.i-dimethylethinamine; 
-l2-I(3,5-dlchloro-2-pyridinyl)aminoJ-l ,1 -dimethylethyljamine; 

-[2-[(3-trifluoromethyl-2-pyridinyl)aminoM,iKiimethytethylJariiine; 

-[2-[(2.2-dimethyl-1-oxopropyl)aminoJ-1,1.dlmethylethylJamjne: 
-[2-[(4-chIorobenzoyl)aminoJ-1 ,1 -dimethylethyljamine; 

-[2-{(diisopropyIamlno)carbonyl]aminoJ-1,1-dimethylethyQamine; 

-[2-[(4.chlorophenyl)aminoJcarbonylJaminoJ-1.l.dimethylethyljJnine: 
-[4-[(5-cyano-2-pyridinyl)amlnoJcyclohexylJamine; 

-£4-£(phenylsulfonyOamino]cyclohexylJamlne; 
-[4-(benzoylamlno)cyclohexylJamine; 
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o) 1-[4-[[(4-trifluoromethyl)-2-pyrimidinyi]amino]cyciohe^^ 

P) 1-t4-[(3-trifluoromethyl-2-pyricllnyl)amlno]cyclohexyllamine; 

q) 1-[[4-[(4-chlorophenyOsulfonyl]amino]cyciohexyl]arnine; 

r) 1-[4-[(5-trifluoromethyl-2-pyridinyl)amino]cyclohexyl]amine; 

s) 1-(4-[(2-chloro-4-pyrimidinyl)aminolcyclohexyl]amlne; 

t) 1 -[4-[(4-chlorobenzoyl)amino]cyclohexyl]amine; 

u) 1 -[4-[(2,2-dlmethyl-1 -oxopropyl)amino]cyclohexyl]amine; 

v) 1 -[4-[(2-benzothlazolyl)amino]cyclohexyl]annine; 

w) 1 -[4-[(4-cyanophenyi)am{no]cyclohexyl]amine; 

x) 1 -[4-[(cyclohexylcarbonyl)amino]cyclohexyi]amine; 

y) 1-[4-[(5-chloro-2-ben2othiazolyl)amino]cyclohexyl]amine; 

z) 1-[4-[[[(4-trifluoromethyl)phenyl]sulfonyllamino]cyclohexyl]am 

aa) 1'*[4-[[(2-thienyl)suifonyl]amino]cyciohexyl]amine; 

bb) 1 -[2-(4-f luorophenyl)-1 , 1 -dimethylethyljamine (commercially available); 

cc) 1 -(1 , 1 -dimethyl-2-phenylethyl)amine (commercially available); 

dd) 1 -(4-pentyibicyclo[2.2.2]oct-1 -yl)amine (commercially available); 

ee) 1 -[4-[4-(trif iuoromethyl)plienoxy]cyclohexyi]amine; 

ff ) 1 -[[4-[4-(chlorophenoxy)]cyciohexyl]amine; 

gg) 1-[4-[(3-trlfluoromethyl)phenoxylcyclohexyllamine; 

hh) 1 -[4-(3-chlorophenoxy)cyclohexyllamine; 

11) 1 -[1 -l[(4-chloroplienyl)amino3carbonyl]-4-piperidinyl]amlne; 

ii) 1 -[1 -[(dlisopropylamlno)carbonyl]-4-plperldlnyl]amlne; 

* 

W<) 1 -[1 -(4-phenyl-2-thiazolyl)-4i3iperldinyl]amlne; 

II) 1 -[1 -[4-(4-chlorophenyi)-2-thiazolyl]-4-piperidinyl]amine; and 

mm) 1 -[1 -I4-(4-methoxyphenyl)-2-tlilazolyl]-4-piperidinyl]amine, 

there is obtained the following products as hydrochloride salt or, if (C) in Example 1 is 
not performed, the free base: 

A) 1 -[[[2-[(5-qrano-2-pyridlnyl)amino]-1 ,1 -dimethylethyl]amino]acetyl]-2-cyano-(S)- 
pyrrolidine, free base as a white solid (melting point = 47M9^C., ^^C NMR 5 11 8.87 
ppm (CN)); 
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B) 1-m2-[(5-trmuorome%l-2-pyridinyl)am.no]-1.lKlime^^^^ 
cyano-(S)-pyrrolidine. dlhyd«,chtoride as an off-white solid (melting point = I70o. 
172»C. NMR 8 119.31 ppm (CN)); 

C) 1-Hf2-«4-methylbenzoyl)amino>lj-dimethylethylJami^^^^^^ 

(S)pynrolidine. free base as a white solid (melting point = 40«'-42«'C. ^^C NMR 5 1 is 1 1 
ppm (CN)); 

D) 1-ttt2-[(3-chloro-2-pyridinyl)aminoHJ-dimethylethyU^^^^^ 

pyrrolidine, dihydrochloride as an off-white solid (melting point = 144-.1460C "c 
NMR 5 1 18.21 ppm (CN)); 

E) 1 -ia2-I(4-trifluoromethyl-2-pyndinyl)aminoJ-1 .1 -dimethylethyQamlnolacetyl].2. 
cyano-(S)-pyrrolidlne. free base as a white solid (melting point = 380-4000 "C NMR S 
11 9.57 ppm (CN)); ' ^""^"^ 

F) 1-ff[2-I(3.5-dichloro-2-pyridinyl)amino].1j<,imethylethyl]am^^^^ 
S)-pyr«>lidine. dihydrochloride as a white solid (melting point = lOS'-l looc. NMR 

5 119.34 ppm (CN)); 

G) 1-I[[2-r(3.trifluoromethyl-2.pyridlnyl)aminoh1.lKJImethyIe^^^^^ 
cyano-(S)-pyn-olidine. dihydrochloride as an off-white solid (melting point =1120. 
1 140c. "C NMR 6 1 18.18 ppm (CN)); 

m Ha2-[(2.2.dimeihyi-1 ^xopropyl)aminol.i ,1 -dimethylethyl]amino]acetyll-2-cyano. 
(S)-pyrrolidlne. monohydroohloride as a white solid (melting point = 2250-2270C 
NMR 6 119.24 ppm (CN)); 

I) l-ffl2-I(4-chloroben2oyl)aminoh1jKiimethylethyOaminoJacetyl>^^^^^ 
pyrrolidine, monohydrochloride as a white cn^staJline solid (melting point= 1210. 
123°C, "C NMR 8 1 19.34 ppm (CN)); 

J) 1-m2-tt(diisopropylamino)cari,onyl]aminoh1.i.dlmethyleth^^^^^^^ 
cyano-(S).pyrrolidine. monohydrochloride as an orange solid (melting point = 128". 
130OC. NMR 8 1 18.10 ppm (CN)); 

K)1-f[I2-ff[(4-chIorophenyl)amino]carbonylJaminoH.,^^^^^^ 
cyano-(S)-pyrrolidlne. monohydrochloride as a yellow solid (melting point = 1 12- 
1 14°C, "C NMR 8 1 19.67 ppm (CN)); 
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L) 1-[[[4-[(5-cyano-2-pyridinyl)amino]cyclohexyl]amino]acetyll-2-cyano-(S)-pyTO 
dihydrochloride as a white solid (melting point = 242*^-244*^0, ^^C NMR 811 9.31 ppm 
(CN)); 

M) 1-[[t4-[(phenylsulfonyl)aniinolcyclohexyllamino]acetyll-2-cyano-(S)-pyrrol^ 
monohydrochloride as a white solid (melting point = 1 20*^-1 22**C, ^^C NMR 6 1 19.25 
ppm (CN)); 

N) 1-[[t4-(benzoylamino)cyclohexyl]amino]acetyl]-2-cyano-(S)-pyrrolldine, free base 
as a white fluffy solid (melting point = 78°-80°, ^^C NMR 5 119.68 ppm (CN)); 

O) 1-[[[4-[[(4-trifluoromethyl)-2-pyrimidinyl]amino]cyclohexyllaminolacetyl]-2-cyano- 
(S)-pyn'olidine, dihydrochloride as a white solid (decomposed >300*'C, ^^C NMR 5 
119.97 ppm (CN)); 

P) 1-[[4-[[(3-trifluoromethyl-2-pyridinyl)amino]cyclohexyl]amlno]acetyl]-2-cyano-(S)- 
pyrrolidine, dihydrochloride as an off-white solid (melting point = 289*'-292*'C, ^^C 
NMR 5 1 19.65 ppm (CN)); 

Q) 1-[[[l4-[(4-chlorophenyl)sulfonyl]amino]cyclohexyl]amino]acetyl]-2-cyano-(S)- 
pyrrolidlne, monohydrochloride as a white solid (melting point = 160*^-162^0, ^^C NMR 
5 119.19 ppm (ON)); 

R) 1-[[[4-[(5-trifluoromethyl-2-pyridinyl)amino]cyclohexyl]amlno]acetyl]-2-cyano-(S)- 
pyn-olidine, dihydrochloride as a light yellow solid (melting point = 270**-273**C, ^^C 
NMR 6 119.02 ppm (ON)); 

S) 1-I[[4-[(2-chloro-4-pyrimidinyl)aminolcyclohexyl]amino]acetyl]--2-cyano-(S)- 
pyrrolldine, dihydrochloride as a white solid (melting point = 290**-293*'C, ^^O NMR 8 
119,28 ppm(CN)); 

T) 1 -[[[4-[(4-chlorobenzoyl)aminolcyclohexyllamlno]acetyl]-2-cyano-, (S)-pyrrolldlne, 
monohydrochloride as a white solid (melting point =: 260*'-263*'C, ^^O NMR 8 1 19.29 
ppm (ON)); 

U) 1 -[([4-[(2,2-dimethyH -oxopropyi)amino]cyclohexyl]amino]acetyq-2-cyano-(S)- 
pyrrolidine, monohydrochloride as a white solid (melting point = 290''-294*'C, ^^0 NMR 
6119.3 ppm (ON)). 

V) 1-I[[4-I(2-benzothiazoIyl)amino]cyclohexyl]amino]acetyl]-2-cyano-(S)-pyrrolidjne, 
dihydrochloride as an off-white solid (melting point = 246*'-248''C, ^^C NMR 8 1 1 9.32 
ppm (ON)); 



BNSOCXID: <WO QlflfigflSAg I > 



wo 01/96295 

PCT/EPOl/06595 

-37- 



W) 1-ra4-[(4H3yanophenyl)am.no]cyclohexyl]amlnoJacetyn-2H^^^^ 

as a White solid (melting point = 1650-167-C. NMR 5 119.29 ppm 

X) ^-ftt^-K<^yc'ohexylcarbonyl)ammo]cydohexyl^^^^^^^ 

monohydrochloride as a white solid (melting point = 189M90»C. «C NMR 8 1 19 34 
ppm (CN)); "'^ 

Y)1-rff4-[(5-chIoit>-2-ben2othiazolyl)aminoJcydohexyl3^^^^^ 

pyn-olidine. dihydrochloride as a white fluffy solid (melting point = 290«-294oc "c 

NMR 5 120.32 ppm (CN)); 

Z) ^-ffl^ff(4-tr«luoromethyl)phenyl]sulfonylJamino^^^^^^^ 

(S)-pyrrolidine. monohydrochloride as a very light yellow solid (melting point = 135«>- 
137°C, "C NMR 5 119.17 ppm (CN)); 

AA)l-[[K.I(2-thienyl)sulfonylJamino]cyclohexyl]amlno]^^^^^^ 

monohydrochloride as a white fluffy solid (melting point = 75».77»C ^^C NMR 8 ' 

119.68 ppm (CN)); 

BB) 1-ra2-[(4-fluorophenyl)-l.i^jmethylethyqamino]acetylK^^^ 
monohydrochloride as a light fluffy yellow solid (melting point = 198o-200»C ^^C NMR 
8 119.28 ppm (CN)); ' 

. «x ^"'>'-^-»'"«"y'«nyuamino]acetyl]-2-cyano-(S)-pym)lidine 

monohydrochloride as a white solid (melting point = 212o-214»C. ^^C NMR 8 118 61 
ppm (ON)); 

DD) 1-ff(4-pentylblcyclo[2.2.2]oct-1-yl)amlno]acetyO-2-cyano-(S)-pyrrolidi^ 
monohydrochloride as a fluffy, very light-yellow solid (melting point = 990-I020C 
NMR 81 19.25 ppm (CN)); 

EE) 1-ra4-[4-(trifluoromethyl)phenoxy]cydohexyl]amino]acetylh2^^ 

pynolidine. monohydrochloride as an off-white solid (decomposed > 26OOC nmr 

8 119.29 ppm (CN)); 

FF) 1-ff4H4-chlorophenoxy)cyclohexyl]amino]acetyl]-2-cyano-(S)-py^^^^^^^ 
monohydrochloride as an off-white solid (melting point = 232»-235''C "C NMR 8 
1 1 9.61 ppm (CN)); 

GG) 1 -M4-l(3-trif luoromethyl)phenoxy]cydohexyl]amino]acetyll.2.cy^^^ 
pynolldine. monohydrochloride as a fluffy, very light-yellow solid (melting point = 
120»-122*C, "C NMR 8 119.23 ppm (CN)); 
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HH) 1-[[[4-[(3-chlorophenoxy)cyclohexyl]amjno]acetyl]-2H:yano-(S)-pyrrolidine, 
monohydrochloride as a fluffy, light-yellow solid (melting point = 72°-74°C, ^^C NMR 5 
122.02 ppm (CN)); 

II) 1 -[[[1 -[[(4-chlorophenyl)amlnoJcarbonyl]-4-plperidinyt]amino]acetyl]^^^ 
pyrrolidine, monohydrochloride as a brown solid (melting point = 1 72**-1 74''C, ^^C 
NMR 6 119.64 ppm (CN)); 

J J) 1 -[[[1 -[(diisopropylamino)carbonylH-piperidinyl]amino]aGetyl]-2-cyano-(S)- 
pyrrolidine, monohydrochloride as a white solid (melting point = 82^-84*^0, ^^C NMR 6 
118.11 ppm (CN)); 

KK) 1 -[[[1 -(4-phenyl-2-thlazolyl)-4-piperidinyl]aminolacetyl]-2-cyano-(S)-pyrrolidine, 
monohydorchloride as a white solid (melting point = 141^-1 43'*C, ^^C NMR S 119.64 
ppm (CN)); 

LL) 1 -[[[1 -[4-(4-chlorophenyl-2-thia2olyll-4-piperidinyl]aminolacetyl]-2-cyano-(S)- 
pyrrolidine, monohydrochloride as an off-whfte solid (melting point = 1 60**-1 62**C, ^^C 
NMR 8 119.3 ppm (CN)); and 

MM) 1 -[[[1 -[(4-(4-methoxyphenyl)-2-thiazolylH-piperidinyl]amino]acety l]-2-cyano-(S)- 
pyrrolidine, monohydrochloride as an off-white solid (melting point = 154°-156^C, ^^C 
NMR 5 119.3 ppm(CN)). 

EXAMPLE 3 

1-[[[1-t(4-Chlorophenyl)sulfony!]-4-plperid{nylJamlnolacetyl]-2-cyano-(S 
monohydrochloride 

A. Preparation of the title compound as free base 

To a 200 ml flask containing 75 ml of CH2CI2 is added 4.0 g (20.0 mmol) of 1- 
(tert-butoxycarbonylamlno)piperidine and 7.4 g (53.3 mmol) of K2CO3 and the mixture 
Is cooled in an ice bath. To this cooled mixture is slowly added 2.30 g (1 3.3 mmol) of 
the above chloride compound prepared in 1A) dissolved in 30 ml of CH2CI2. The 
resultant mixture is stinred at room temperature for 3 days. The K2CO3 is then 
removed via filtration and the filtrate is concentrated via rotovaping. The crude f onm 
is then purified on silica gel employing a SIMS/Btotage Flash chromatography system 
and a 3% solution of methanol in methylene chloride as the eluent to yield the 
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intermedlate1-I[[l-[tert-butoxycarbonylamino]-4^,lperidinyl3aminoM^^^ 
pyrrolidine in free base form as a golden oil. Deprotection of this t-boc amine with 4 0 
M HCI in dioxane at room temperature for 5 hou,^ yielded the dihydrochloride salt of 
1-[[[4i)lperidinyl]aminoJacetyO-2-cyanoKS)-pym)lidlne as a white solid. To an ice-cold 
mixture of this amine (300 mg. 0.97 mmol). 30 ml of CHaCb and 560 mg (4.02 mmol) 
of KaCOa was slowly added 170 mg (0.81 mmol) of 4.chloroben2enesulfonyl chloride 
dissolved in 15 ml CH.CIa. The resulting mixture was stirred at ice-cold temperature 
for 2 hours and then at room temperature for 18 hours. Following an EtOA<ywater 
workup, the cmde fom, Is then purified on silica gel employing a SIMS^iotage Flash 
chromatograhy system and a 3% solution of methanol in methylene chloride as the 
eluent to yield the titie compound in free base fonn. 

B. Preparation of the title compound 

After dissolving the free base compound prepared above in 15 ml 4.0 M HCI in 
dioxane. the reaction was sUn^d at room temperature for 5 hours and then 
concentrated via a rotovap and then a high vacuum pump to obtain the title 
compound as a light green solid. m.p. 252''-255»C. "C NMR (ppm) = 1 19.25. 

EXAMPLE 4 

Following essentially the procedure of Example 3. and using in place of the 4- 
chlorobenzenesulfonyl chloride therein, an equivalent amount of: 

a) cyclohexanecarbonyl chloride; 

b) 4-chlorobenzoyl chloride; 

c) 4-(trifluoromethyl)phenylsulfonyl chloride; and 

d) phenylsulfonyt chloride; 

there is obtained: 

A) 1-ffl1-(cyclohexylcarbonyl)-4^,iperidinylJamlno]acetylh2-cyano.(S)i^^^^^ 
monohydrochloride as a white solid (melting point > 300'C. "c NMR 5 119 61 pDm 
(CN)); 
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B) 1 -[[[1 -(4-chloroben2oyl)-4-piperidinyl]amino]acetyl]-2-cyano-(S)-pyrrolidin 
monohydrochloride as a white solid (melting point = 152*=*-155^C, ^^C NMR 5 11 9.28 
ppm (CN)); 

C) 1 -[[[1 -(4-trif luoromethyl)phenyl]sulf onyIH-plperidinyl]anijno]acetyl]-2-cyano-(S)- 
pyrrolidine, monohydrochloride as a white solid (melting point > 300*^C, ^^C NMR 5 
119.25 ppm (CN)); and 

D) 1 -[[(1 -phenylsulfonyl-4-piperidlnyl)amino]acetyl]-2-cyano-(S)-pyrrolidine, 
monohydrochloride as a white solid (melting point > 300''C, ^^C NMR 5 1 19.58 ppm 
(CN)). 

EXAMPLES 

1 -[[I4-[(4-FluorobenzoyI)amlno]cyclohexyI]amjno]acetyl]-2-cyano-, S)-pyrrolidjne, 
monohydrochloride 

Preparation of the title compound in Free Base Form: 

To a 100 ml flask containing 30 ml of THF is added 0.325 g (1 .38 mmol) of 1-[4-[(4- 
fluorobenzoyl)amino]cyclohexyllamlne and 0.285 g of K2CO3 and the mixture is cooled in an 
Ice bath. To this cooled mixture is slowly added 0.120 g (0.69 mmol) of 1 -chloroacetyl-2- 
(S)-cyanopyn'olidine in 1 0 ml of THF. The resultant mixture is stirred at room temperature 
for 5 days. The potassium salts are then removed via filtration and the filtrate is 
concentrated via rotovaping. The crude form is then purified on silica gel employing a 
SIMS/Blotage Flash chromatography system with a 5% solution of methanol In methylene 
chloride as the eluent to yield the title compound in free base form as white solid. 

Preparation of the Title Compound: 

After dissolving the free base compound prepared above in 20 ml of dry ethyl acetate, 
hydrogen chloride gas is bubbled into the solution for 20 seconds. The reaction was stirred 
for 16 min and then concentrated via rotovap, washed twice with 10 ml of anhydrous diethyl 
ether and dried under high vacuum pumping to obtain the title compound as white solid, 
m.p.212°-214^C.,^^CNMR 119.29 ppm (CN)); 

The starting material can be prepared e.g. as follows: 
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Synthesis of nudeophile: H4-[(4.fluorobenzoyl)amino]cyclohexyl]amine: 
To an ice-cold solution of trans-1 .4-dlaminocyclohexane (4.32 g, 37.9 mmol) and K,CO, 
(7.0 g. 50.5 mmol) in 75 ml of CHaCfe is added a solution of benzoyl chloride (1 5 ml 12 6 
mmol) In 25 mi of CHaCI. over 10 minutes. The resulting mixture Is then stirred at ice'-water 
temperature for 2 h. The potassium salts are then removed via filtration and the filtrate is 
concentrated via rotovaping. The residue is then partitioned between CH^CUand water 
The product is then extracted into the CHaCfe layer, dried over sodium sulfate and 
concentrated to obtain 1-{4-[(4-fluoroben2oyl)aminolcyclohexyl]amine as a white solid. 

Formulation Example 

Tablets, each containing 50 mg of active ingredients, e.g., l-tp- 

(benzoylamino) cyclohexylJamino]acetyIJ.2.cyano-(S)-pynolidine In free base fomi, 
can be prepared as follows: 

Composifjon (for 10,000 tablets) 
Active ingredient 600.0 g 

Uctose 500.0 g 

Potato starch 352.0 g 

Gelatin 
Talc 



8.0 g 
60.0 g 

Magnesium stearate 1 0.0 g 

Silica (highly disperse) 20.O g 
Ethanol q_s_ 



The active ingredient is mixed with the lactose and 292 g of potato starch, and the 
mixture is moistened using an alcoholic solution of the gelatin and granulated by 
means of a sieve. After drying, the remainder of the potato starch, the talc, the 
magnesium stearate and the highly disperse silica are admixed and the mixture is 
compressed to give tablets of weight 145.0 mg each and active Ingredient content 
50.0 mg which, if desired, can be provided with breaking notches for finer adjustment 
of the dose. 
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WHAT IS CLAIMED IS: 



1 . A compound of formula I: 



K O 



CN 




(I) 



where Y is selected from the group consisting of: 



a) a group of the fonmula r-n 




, where R 



is an unsubstituted pyridine or pyrimidine ring; a pyridine or pyrimidlne ring 
which is mono- or independently di-substituted by halo, trifluoromethyl» 
cyano» nitro or Ci^alkyl; unsubstituted benzoyl; a benzoyl group which is 
mono- or di-substituted by halo or Ci^alkyl; Ci^alkylcarbonyl; di-Ci. 
ealkylaminocarbonyl; unsubstituted phenylaminocarbonyi; or a 
phenylaminocarbonyi group which is mono- or di-substituted on the phenyl 
ring by halo or C^ealkyl; 



Is an unsubstituted pyridine, pyrimidine or phenyl ring; a pyridine, 
pyrimidine or phenyl ring which is mono- or independently di-substituted by 
halo, trifluoromethyl, cyano, nitro or Ci^lkyi; an unsubstituted 
phenylsuifonyl group; a phenylsulfonyl group which is mono- or di- 
substituted on the phenyl ring by halo, trifiuoromethyl, cyano, nitro or Ci. 
eallcyi; unsubstituted benzoyl; a benzoyl group which is mono- or di- 
substituted by halo or Ci^alkyl; Ci^alkylcarbonyl; thienyl sulfonyl; 



b) a group of the formula 




, where R^ 
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unsubstituted benzothiazole; or a benzothiazole group which is substituted 
on the phenyl ring by halo or Ci^ikyl; 



c) a group of the formula -O?^ , where FL 

is an unsubstltuted phenyl ring; or a phenyl ring which is mono- or di- 
substituted by halo or Ci^alkyl; 



d) a group of the fonmula 

R, 



, where R, 



is an unsubstltuted phenylsulfonyl group; a phenylsulfonyl group which is 
mono- or di-substituted on the phenyl ring by halo, trifluoromethyl. cyano. 
nitro or all<yl; Ci^lkylcarijonyl; di-Ci^alkylamlnocarbonyl; 
unsubstltuted benzoyl; a benzoyl group which is mono- or di-substituted by 
halo or C^lkyl; unsubstltuted phenylaminocarisonyl; 
phenylamlnocaitonyl which is mono- or di-substituted on the phenyl ring 
by halo or d^kyl; a phenyl-substltuted thiazole ring; or a phenyl- 
substituted thiazole ring wherein the phenyl ring Is mono- or dl-substituted 
by halo or C,^lkoxy; 

e) a (4-pentylblcyclo[2.2.2]oct-I-yl)amine group; 



f) a group of the fonnula 




, where R^ 



is an unsubstltuted phenyl ring; or a phenyl ring which is mono- or di- 
substituted by halo, trifluoromethyl. cyano. nItro orC^kyl; and 



g) 
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where R5 is Ca^cycloaikyl-carbonyl, If Z is N; or R5 is Ca^scycloalkyl- 

carbonylamino, if Z is CH; 
and wherein the bond containing the wavy line signifies the point of attachment of the 
"Y" group to the glycyl-2-cyanopyrrolidine moiety; 
or an acid addition salt thereof. 

2. A compound according to Claim 1 of formula la: 




where Y* is selected from the group consisting of: 

is an unsubstituted pyridine or pyrimidine ring; a pyridine or pyrimidine ring 
which is mono- or independently di-substituted by halo, trifiuoromethyl or 
cyano; unsubstituted benzoyl; a benzoyl group which is monosubstituted 
by halo or Ci^- alkyi; Ci-ealkylcarbonyl; di-Ci^all<ylaminocarbonyl; 
unsubstituted phenylaminocarbonyl; or a phenylaminocarbonyl group 
which is monosubstituted on the phenyl ring by halo or Ci^ailcyl; 




b) a group of the formula , X J • where R^ 

R 

Is an unsubstituted pyridine, pyrimidine or phenyl ring; a pyridine, 
pyrimidine or phenyl ring which is monosubstituted by halo, trifiuoromethyl, 
cyano, nitro or Ci^-alkyl; an unsubstituted phenylsulfonyl group; a 
phenylsuifonyl group which Is monosubstituted on the phenyl ring by halo. 



BNSDOCIO: <WO ^018629SA2J_> 



wo 01/96295 „^ 

PCT/EPOl/06595 

-45- 



trif luoromethyl, cyano. nitro or C^alkyl; unsubstituted benzoyl; a benzoyl 
group which is monosubstituted by halo or Chalky!; C^alkylcarbonyl; 
thienyl sulfonyl; unsubstituted benzothiazole; or a benzothlazole group 
which is substituted on the phenyl ring by halo or Ci^lkyl; 



r: 



c) a group of the fonnula ^ , ^here 

is an unsubstituted phenyl ring; or a phenyl ring which is monosubstituted 
by halo or Ci^alkyl; 



d) a group of the fonnula [ , where 

R'^ 



3 



*3 



IS an unsubstituted phenylsulfonyl group; a phenylsulfonyl group which is 
monosubstituted on the phenyl ring by halo, trifluoromethyl, cyano. nitro or C,. 
ealkyi; C,^lkylcarbonyl; di-C^alkylamlnocarbonyl; unsubstituted benzoyl; a 
benzoyl group which Is monosubstituted by halo or C^alkyl; unsubstituted 
phenylamlnocarbonyl; phenylamlnocartjonyl which is monosubstituted on the 
phenyl ring by halo or Ci^lkyl; a phenyl-substltuted thiazole ring; or a phenyl- 
substituted thiazole ring wherein the phenyl ring is monosubstituted by halo or 
Cvealkoxy; 

e) a (4-pentylbicyclo[2.2.2]oct-l-yl)amine group; and 



f) a group of the fonnula 




, where R^' 



is an unsubstituted phenyl ring; or a phenyl ring which is monosubstituted 
by halo, trifluoromethyl, cyano, nitro or Ci^lkyl; 
or an acid addition salt thereof. 

3. A compound accondlng to Claim 2 of formula Ic: 
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where Y"' is: 

a) a group of the formula R'" X ^ , where R'" 

Is an unsubstituted pyridine or pyrimidine ring; a pyridine or pyrimidine ring 
which is monosubstituted by chloro, trif luoromethyi or cyano or 
disubstituted by chloro; unsubstituted benzoyl; a benzoyl group which is 
monosubstituted by chloro, methyl or ethyl; Ci-ealkylcarbonyl; di-Ci. 
ealkylaminocarbonyl; unsubstituted phenylaminocarbonyl; or a 
phenylamlnocarbonyl group which is monosubstituted on the phenyl ring 
by chloro; 



b) a group of the formula 




is an unsubstituted pyridine, pyrimidine or phenyl ring; a pyridine, 
pyrimidine or phenyl ring which is monosubstituted by chloro, 
trifluoromethyl or cyano; an unsubstituted phenylsulfonyi group; a 
phenylsulfonyl group which is monosubstituted on the phenyl ring by 
chloro or trifluoromethyl; unsubstituted benzoyl; a benzoyl group which is 
monosubstituted by chloro; Ci^alkylcarbonyl; thienyl sulfonyl; 
unsubstituted benzothlazole; or a benzothiazole group which is substituted 
on the phenyl ring by chloro; 



c) a group of the formula R 




, where R^" 
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is an unsubstltuted phenyl ring; or a phenyl ring which is monosubstituted 
by fiuoro; 



is 



d) a group, of the formula N J . where R^' 

R3 

is an unsubstltuted phenylsulfonyl group; a phenylsulfonyl group which 
monosubstituted on the phenyl ring by chloro or trifluoromethyl; Ci. 
ealkylcarbonyl; di-C,^alkylaminocait>onyl; unsubstltuted benzoyl; a benzoyl 
group which is monosubstituted by chloro; unsubstltuted 
phenylamlnocarbonyl; phenylamlnocarbonyl which is monosubstituted on 
the phenyl ring by chloro; a phenyl-substituted thiazole ring; or a phenyl- 
substituted thiazole ring wherein the phenyl ring is monosubstituted by 
chloro or methoxy; 

e) a (4-pentylbicyclo[2.2.2]oct-l-yl)amine group; and 




f) a group of the f omiula X J , where R" 



is an unsubstltuted phenyl ring; or a phenyl ring which is monosubstituted 
by chloro or trifluoromethyl; 
or an acid addition salt thereof. 

4. The compound according to anyone of claims 1 to 3 of selected from formulae 

9 CN 




••••■»kAXj 



(i-b) 
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R4 




O I 

I 



CN 



(|.f) 



and 



R5 




CN 



(i-g). 



5. The compound according to any one of Claims 1 to 4 which is selected from the 
group consisting of 

1-[[[4-(benzoylamino)cyclohexyl]amino]acetyl]-2-cyano-(S)-pyrrolidine, 

1-l[l1-[(4-chlorophenyl)sulfonyl]-4-plperidinyl]amino]acetyl]-2-cyano-(S)-pyrrolidine 

and 

1-[[[4-[(4-fluorobenzoyl)amino]cyclohexyl]amino]acetyl]-2-cyano-(S)-pyrrolidine, 
or, in each case, an acid addition salt thereof. 

6. The compound according to Claim 5 in free base form. 

7. A pharmaceutical composition comprising a pharmaceuticaily acceptable carrier or 
diluent and a therapeutically effective amount of a compound according to any one of 
Claims 1 to 6, or a pharmaceuticaily acceptable acid addition salt thereof. 

8. Use of a compound according to any one of Claims 1 to 6 or a pharmaceuticaily 
acceptable salt thereof for the manufacture of a medicament for inhibiting dipeptidyl 
pepidase-IV or for the prevention or treatment of diseases or conditions associated 
with elevated levels of DPP-IV. 

9. Use according to claim 8 for the manufacture of a medicament for the treatment of 
non-insulin dependent diabetes meilitus, arthritis, obesity, osteoporosis and further 
conditions of impaired glucose tolerance. 
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10. A method of inhibiting dipeptidyl pepidase-iV or for preventing or treating 
diseases or conditions associated with elevated levels of DPP-IV comprising 
administering to a mammal In need of such treatment a therapeutically effective 
amount of a compound according to any one of Claims 1 to 6. or a pharmaceutically 
acceptable acid addition salt thereof. 
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